In the scientific community, number of citations is commonly used as a parameter in evaluating the impact of a researcher's work or of a publication. 1 Citation frequency is important not just for authors and journals but also for the universities and the nations where the work was completed. 2 Although research funding is often highlighted and used as an indicator in quantifying the research activity of academic institutions, 3 yearly citation ratings can be another parameter used in assessing university rankings globally. 4 Citation ratings can also reflect the impact of a country in terms of research productivity and improving the quality of life of its citizens. 5 The number of citations attracted by an article can be used in assessing that article's relative significance in a particular field. 6, 7 Therefore, identifying articles that have exerted the most citation influence on a particular field could help scholars become familiar with "classic," landmark works and highlight topics for further research in the area. Recent studies have identified the top-cited articles in microsurgery, 8 urology, 9 pediatric orthopedic surgery, 10 orthopedic surgery, 11 foot and ankle surgery, 12 rehabilitation, 13 "respiratory system," 14 complementary medicine, 15 and nursing. 16 However, to date, no studies have identified the top-cited articles in medical education. Therefore, the aim of this study was to identify the 50 most frequently cited articles in medical education published in journals with impact factors and to examine their characteristics. To make the study more comprehensive, two lists of top-cited medical education articles were constructed: one list of articles identified from medical education journals included in the Web of Knowledge category for science education and one list of articles identified by a keyword search across journals listed in the Web of Knowledge to capture medical education articles published in general medicine and specialty journals.
Method

Search strategy and study selection
Although Scopus and Google Scholar provide citation tracking, the Web of Knowledge was used to conduct this research because it covers cited publications back to the 1900s. Furthermore, it covers the Science Citation Index Expanded (1900-present) and the Social Sciences Citation Index (1900-present) . The Web of Knowledge is regularly updated, enabling researchers to trace changes in numbers of citations over the years. In contrast, Google Scholar is difficult to search and the citation records include textbooks, non-peer-reviewed papers, and articles published in languages other than English. Scopus was not considered because the breadth of its years of coverage is not nearly as great as that of the Web of Knowledge.
Searching medical education journals
From March 1 to 12, 2014, the author and two research assistants used the search tools available within the Web of Knowledge to retrieve the topcited articles published in medical education journals since 1900. A total of 34 journals were listed in the Web of Knowledge category "Education, Scientific Discipline"; among them, only 13 journals were related to medical education. These 13 journals were Academic Medicine; Advances in Health Sciences Education: Theory and Practice; Advances in Physiology Education; American Journal of Pharmaceutical
The articles published in each of the 13 journals were sorted using the "sorted by" option "Times cited-highest to lowest." The results showed each journal's articles organized in a descending order, with the articles cited most frequently at the top of the list. A copy of the results was printed out for further analysis. The findings from the 13 journal searches were arranged in a single list on one Excel spreadsheet (Microsoft Excel 2010, Microsoft Corp., Redmond, Washington) in descending order based on the number of citations attracted by each article.
The author and the two research assistants independently applied the inclusion and exclusion criteria (described below) to assess each article in the list. The judgments were based on the abstract of each article. The outcomes were discussed in a meeting; no paper was excluded from the list by the author or the two research assistants, and all articles matched the inclusion criteria. The combined list was reviewed again with regard to the number of citations allocated to each article. The articles with the most citations were identified and ranked from 1 to 50 to create the final list of top-cited articles in medical education journals (List A). If articles shared the same absolute number of citations, they were given the same rank.
Searching using keywords
From March 1 to 12, 2014, the author and two research assistants conducted a second search in Web of Knowledge using keywords to identify the top-cited medical education articles in any journal listed in the Web of Knowledge regardless of journal subject category. The aim of this search was to identify highly cited articles published since 1900 across all journals listed in the Web of Knowledge, not just those published in journals listed under the category "Education, Scientific Discipline." The list created by this keyword search (List B) was compared with the list created by the category search described above (List A).
The keyword search used the following terms: problem-based learning, casebased learning, team-based learning, medical students, medical simulation, multiple-choice questions, extended matching questions, mini-CEX, OSCE, formative assessment, summative assessment, continuing assessment, online assessment, self-development, staff training, curriculum, curriculum outcomes, program evaluation, self-regulated learning, selfdirected learning, professionalism, medical ethics, clinical skills, simulated patient, standardized patient, medical education, clinical teacher, facilitator, tutor, teaching basic science, learning anatomy, student feedback, feedback, role model, mentoring, clerkship, medical informatics, and e-learning. These keywords were identified using the taxonomy used in medical education journals and the proceedings of major medical education conferences such as the annual meetings of the Association of American Medical Colleges, the Association for Medical Education in Europe, the Canadian Conference on Medical Education, and the Association for the Study of Medical Education. Using Web of Knowledge tools, the results for each keyword were arranged using the "sorted by" option "Times cited-highest to lowest." For each keyword, the most frequently cited articles were identified. A copy of the results for each keyword was printed out for further analysis. The outcomes for each keyword were placed in one Excel spreadsheet, where the articles were arranged in a single list from highest to lowest number of citations.
The author and the two research assistants independently applied the inclusion and exclusion criteria (described below) to assess each article in the list. The judgments were based on article abstracts. The outcomes of this process were discussed in a meeting; any differences were resolved through discussion after reading the full article. The articles with the most citations were ranked from 1 to 50 to create the final list of top-cited medical education articles across all journals (List B). If articles shared the same absolute number of citations, they were given the same rank.
Inclusion and exclusion criteria
Articles eligible for inclusion were those addressing areas of interest in medical education and to the medical education community and published in journals listed in the Web of Knowledge (i.e., journals with impact factors). Medical education was defined as a discipline covering the education of and the practice of skills by students enrolled in medical schools/colleges to become doctors; residency training; continuing medical education; and specialized postgraduate medical training (e.g., by organizations such as the Royal College of Physicians in the United Kingdom and the Royal Australasian College of Physicians in Australia and New Zealand).
Educational systems and assessment methods vary by specialty, governing body, and country. However, throughout the different stages of medical education, the discipline of medical education focuses on a number of subspecialties including curriculum design and implementation, assessment, faculty development and training, medical technology and medical informatics, medical education research, medical professionalism, teaching and learning methods, problem-based learning, and clinical teaching. 17 The keywords used in our second search covered most subspecialties in medical education. Therefore, the inclusion criteria for this study were articles published in journals listed in the Web of Knowledge and in the English language from 1900 to the date of the search covering (1) topics on medical education;
(2) medical education issues related to medical students, interns, residents, or physicians; and/or (3) educational principles/theories from education or psychology that can be of value to the medical education community. The exclusion criteria were (1) articles in languages other than English or reviews including studies not published in English and (2) articles focused on education issues not of interest to the medical education community (e.g., articles on mathematics, engineering, or physics education, or other areas that do not target the heart of medical education).
Assessing the articles
The full text for each article included in List A or List B was obtained from the Saudi Digital Library (www.digitallibraryplus. com/). Following the methods of Lefaivre et al, 11 each article was reviewed and the following information was recorded: (1) the first author's name and affiliation; (2) organization and country of origin (when there was more than one author, the first author's information was used); (3) number of citations; (4) year of publication; and (5) article type (review, article, educational guide, or research paper). For the purposes of this study, reviews were defined as articles reviewing recent progress in a particular topic, critically reviewing the current status of the literature and creating an understanding of the topic by discussing related literature, and/or identifying gaps in knowledge and highlighting future directions for research. Articles were defined as original reports with conclusions that represent a substantial advance in the understanding of important problems or issues. They provoke thought and ideas, and they aim to establish new directions. Educational guides were defined as articles written by a team of experts and aimed at providing teachers and educators with a resource on principles, current evidence, applications, and regulations. Educational guides are usually used as reference resources. Research papers were defined as systematic investigations into and the study of problems using valid and reliable methods in order to establish new findings and conclusions. Research papers may use qualitative, quantitative, or mixed methods.
Evaluating the journals
The journals that published the articles identified using keyword searches (List B) were evaluated. For these journals, the following key information was collected:
(1) 2012 Journal Impact Factor; (2) language; (3) discipline; (4) number of citations for the article ranked no. 1 (i.e., the article with the highest number of citations among all articles published in the journal); and (5) number of citations of the article ranked no. 50 (i.e., the article ranked 50th among all articles published in the journal). Web of Knowledge citations numbers were used to identify the articles ranked no. 1 and no. 50 for each journal. The aim was to check whether the 50 top-cited articles identified by keywords in non-medicaleducation journals were among the 50 top-cited articles in each of the journals in which they were published.
Statistical analysis
Analysis was conducted using SPSS version 18.0 for Microsoft Windows (SPSS Inc., Chicago, Illinois), and results were reported as totals and percentages. The Pearson correlation coefficient (r) was calculated to determine whether the number of years since publication was correlated to the total number of citations. 18 This relationship was examined to see whether the high numbers of citations obtained by these top-cited articles were related to their age rather than to the quality and the intrinsic value of their content.
Degree of agreement between assessors
The agreement between the three assessors was calculated using Cohen's kappa for interrater correlation. 19, 20 The scores were in the range of 0.78 to 0.96 for articles in List B (articles identified via keyword search).
Results
Top-cited articles in the 13 medical education journals (List A)
Appendix 1 summarizes the top-cited articles published in the 13 medical education journals (List A). Articles are listed in descending order by rank from 1 to 50 based on the number of citations obtained by each article as of the day of the search. 21-76 List A includes 56 articles, not 50, because some articles shared the same absolute number of citations. A denominator of 56 was used in the calculation of percentages. All articles were published in the English language.
The majority of these articles were reviews (n = 27; 48.2%) and articles (n = 19; 33.9%). Eight (14.3%) were research papers, and 2 (3.6%) were educational guides. The topics covered included problem-based learning (n = 9; 16.1%); clinical competency and assessment (n = 8; 14.3%); professionalism and professional competence/practice (n = 6; 10.7%); medical simulation and standardized patients (n = 4; 7.1%); faculty development (n = 4; 7.1%); and cross-cultural education, interprofessional education, and ethical environment (n = 4; 7.1 %). Table 1 summarizes other topics covered and topic distribution by article type.
These articles were published in five journals: Academic Medicine (n = 34; 60.7%), Medical Education (n = 16; 28.6%), Medical Teacher (n = 4; 7.1%), Journal of Continuing Education in the Health Professions (n = 1; 1.8%), and Advances in Health Sciences Education: Theory and Practice (n = 1; 1.8%).
The most frequently cited article was "Problem-based learning: A review of literature on its outcomes and implementation issues" by Albanese and Mitchell, 21 which was published in Academic Medicine in 1993 and cited 861 times over 21 years. The article ranked 50th was "The New Mexico experiment: Educational innovation and institutional change" by Kaufman et al, 76 which was published in Academic Medicine in 1989 and cited 141 times over 25 years. Most papers originated from academic institutions, with first authors from the United States (n = 31; 55.3%), Canada (n = 11; 19.6%), the United Kingdom (n = 6; 10.7%), the Netherlands (n = 5; 8.9%), Australia (n = 2; 3.6%), and Israel (n = 1; 1.8%).
All of the articles were published during a 28-year period (1979-2007) (see Table 2 ). The number of highly cited articles increased significantly after 1990, and the majority (n = 47; 83.9%) were published in the period from 1991 to 2007. No correlation was found between the year of publication and the number of citations obtained by an article (R 2 = 0.054) (see Supplemental Digital Figure 1A , available at http://links.lww.com/ACADMED/A285).
Some authors contributed to more than one article in this list. Schmidt authored two of the most frequently cited articles 33,46 and coauthored with Norman three others 23,24,43 (see Appendix 1). These articles focused on problem-based learning (four articles) and cognitive perspectives on medical experts (one article). Norman was also the author 55 or coauthor 62 of two other articles on clinical reasoning and cognitive psychology in relation to professionalism, respectively. Irby authored two articles 36, 59 and coauthored a third. 48 These articles were on teaching and learning in the ambulatory care setting, clinical teachers, and strategies for improving teaching practices, respectively. Hafferty authored an article on the hidden curriculum 31 and coauthored another on the same topic. 29 Van der Vleuten authored 35 or coauthored 44 two articles, both on assessment of professional competence. Harden was the first author of two articles. 28, 57 The first was a famous article on objective structured clinical examinations, and the second was on outcome-based education.
Top-cited articles identified by keyword search (List B)
Appendix 2 summarizes the top-cited medical education articles identified by keyword search across all journals (List B).
Articles are listed in descending order by rank from 1 to 50 based on the number of citations received by each article as of the day of the search. 21-39,41-47,77-106 List B includes 56 articles, not 50, because some articles shared the same absolute number of citations. A denominator of 56 was used in the calculation of percentages. All articles were published in the English language.
The majority of these articles were reviews (n = 30; 53.6%). The rest were articles (n = 13; 23.2%) or research papers (n = 13; 23.2%). There were no educational guides identified. The topics covered included problembased learning (n = 11; 19.6%); clinical competency and assessment (n = 13; 23.2%); professionalism and professional competence (n = 4; 7.1%); medical simulation and standardized patients (n = 5; 8.9%); curriculum and educational innovation (n = 4; 7.1%); communication skills (n = 5; 8.9%); and medical experts and performance (n = 4; 7.1%). There were no articles on faculty development or error in diagnosis. Table 1 summarizes The articles were published within a 28-year period (1979-2007) (see Table 2 ). The number of highly cited articles increased significantly after 1990, and the majority (n = 50; 89.3%) were published in the period from 1991 to 2007 (Table 2) 
Articles included in both lists
Comparison of the top-cited articles included in the two lists-articles identified by searching medical education journals (category search; List A) or by searching using keywords (List B)revealed that there were 26 articles identified by both searches. 21-39,41-47
Discussion
The aim of this study was to identify the 50 most frequently cited articles in medical education and to examine their characteristics in order to gain insight into the history and main developments of the medical education field. To ensure that articles published in journals other than journals that specialized in medical education were identified, two searches were conducted in the Web of Knowledge. The findings from this study show that there were 26 articles included in both lists, but the rankings of these articles differed in List A (Appendix 1) and List B (Appendix 2). The keyword search revealed that there were top-cited papers on medical education published in journals other than those that specialized in medical education: 29 (51.8%) of the 56 articles included in List B were not published in medical education journals. These non-medical-education journals had 2012 Journal Impact Factors ranging from 1.036 (Studies in Higher Education) to 51.658 (The New England Journal of Medicine), and they covered a range of disciplines including general medicine, surgery, higher education, and educational psychology. The finding that more than half of the articles in List B were published in non-medical-education journals is consistent with the integrated nature of medical education and the breadth of its subspecialties. It also shows the interest of general medicine journals and some surgery journals in publishing articles on topics related to medical education.
It is of interest to note that articles published in general medicine journals attracted more citations than those published in medical education journals. However, the range of numbers of citations for medical education articles was considerably lower than the range of numbers of citations obtained by classic articles in other disciplines such as surgery, medicine, and pediatrics. 9, 11, 14 The finding that 20 of the top-cited medical education papers published in general medicine, educational psychology, and higher education journals were also among the 50 top-cited papers in their respective journals shows the ability of these articles to compete with subject-based articles published in these specialized journals.
The topics covered by the articles in List A and List B were nearly the same, although the number of articles in each topic varied. Interestingly, in both lists, the majority of the articles were not research papers: Only 8 articles (14.3%) in List A and 13 articles (23.2%) in List B were research papers (see Table 1 ). Four research papers were included in both lists. 37, 41, 45, 47 Most of the research papers were qualitative studies (n = 5 in List A, n = 8 in List B); the others were quantitative studies (n = 3 in List A, n = 5 in List B). The methods used in qualitative studies in both lists included face-to-face interviews, questionnaires, observations, and anonymous mailed surveys with follow-up letters and/or telephone surveys. Only 3 research papers used a randomized controlled study design, 84,90,93 and 2 were case-control studies. 71, 104 The small number of randomized controlled and case-control studies in medical education research is related to the difficulty in designing such studies in an educational program. 108 Two other studies are of interest to this work. 109, 110 Sampson et al 109 examined the characteristics of medical education studies published in five general and internal medicine (GIM) journals and five medical education journals. They reported that medical education journals had a concentration of studies targeting medical students, whereas GIM journals had a concentration of studies targeting residents. Lee et al 110 aimed at assaying the nature and context of growth in publications in the medical education field from 1960 to 2010 by searching MEDLINE for articles on medical education. They found that the annual publications in medical education increased from 279 in 1960 to 3,760 in 2010. They concluded that the increases in the number of medical education publications and in the number of journals publishing medical education articles suggest growth in the field.
The present work and the study by This study provides insight into knowledge generation processes that are vital in medical education practices and research work. It also honors the research leaders in the field by identifying their work that has been frequently cited by other researchers over three decades.
Limitations and strengths
There are a few limitations of this study. First, the search methods used were based on journals with impact factors and articles published in the English language. This may have contributed to the high number of articles from Western countries, especially the United States, Canada, the Netherlands, and the United Kingdom. Therefore, influential articles in languages other than English that may have global impact were not included. Second, factors that may affect the citation rates of an article were not carefully addressed. For example, authors' self-citations were not excluded from the total number of citations, and the absolute number of citations was used to determine rank. 111 Third, the searches were conducted using only one database, the Web of Knowledge, and there is the possibility that the database's filters are not sensitive enough. For example, the article by the Medical School Objectives Writing Group 103 published in Academic Medicine was not identified when the search was conducted for articles published in that journal, but it was identified in the keyword search; therefore, it was included in List B but not List A. The opposite was the case for the paper by Croskerry, 40 which was included in List A but not List B. Fourth, focusing on the 50 top-cited articles represents an arbitrary number. Finally, the articles included in this study represent the search outcomes at the time the searches were conducted.
One of the strengths of this study is the use of two search methods to identify the top-cited articles. The keyword search enabled the identification of top-cited papers in medical education that were published in non-medical-education journals.
Conclusions
This bibliometric study identified the most frequently cited medical education papers published in medical education journals (List A) and across all journals listed in the Web of Knowledge (List B).
The results show the impact that the articles have had on the scientific community and the field of medical education. The "classic" articles identified in this study are landmark papers that have contributed greatly to the field. Evidence of influential scholarship such as what is shown in this study could be considered as one criterion for awards in medical education scholarship such as the Karolinska Institutet awards.
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